Abstract. Through an innovative combination of multiple observing techniques and modeling, we are assembling a comprehensive understanding of the pulsation and close environment of Cepheids. We developed the SPIPS modeling tool that combines all observables (radial velocimetry, photometry, angular diameters from interferometry) to derive the relevant physical parameters of the star (effective temperature, infrared excess, reddening,...) and the ratio of the distance and the projection factor d/p. We present the application of SPIPS to the long-period Cepheid RS Pup, for which we derive p = 1.25±0.06. The addition of this massive Cepheid consolidates the existing sample of p-factor measurements towards long-period pulsators. This allows us to conclude that p is constant or mildly variable around p = 1.29 ± 0.04 (±3%) as a function of the pulsation period. The forthcoming Gaia DR2 will provide a considerable improvement in quantity and accuracy of the trigonometric parallaxes of Cepheids. From this sample, the SPIPS modeling tool will enable a robust calibration of the Cepheid distance scale.
Introduction
The empirical Leavitt law of Cepheids (the Period-Luminosity relation) [1] is a cornerstone of the observational calibration of the cosmological distance scale. The persistent tension between the determinations of the Hubble constant H 0 from the CMB modeling and the empirical distance ladder may have far-reaching implications on, for instance, the equation of state of dark energy. The calibration of the empirical ladder relies primarily on Cepheids and Type Ia supernovae ( [2] , see also [3] ), pierre.kervella@obspm.fr and an improvement of the true calibration accuracy of the Leavitt law is required to confirm the significance of the tension. The parallax-of-pulsation method (PoP), also known as the Baade-Wesselink technique, is a powerful way to measure the distances to individual Galactic and Magellanic Cloud Cepheids, and thus calibrate the Leavitt law. It relies on the comparison of the amplitude of the pulsation of the star from (1) the integration of its radial velocity curve measured using spectroscopy and (2) the change in angular diameter of the star estimated from its brightness and color, or measured using interferometry. The major weakness of the PoP technique is that it uses a numerical factor to convert disk-integrated radial velocities into photospheric velocities: the projection factor, or p-factor ( [4] [5] [6] ). The PoP technique provides the ratio d/p, but the distance d and the p-factor are fully degenerate. The calibration of the p-factor of Cepheids therefore requires to know d independently. At the moment, only a dozen reasonably accurate trigonometric parallaxes of nearby Cepheids is available, mainly from HST's Fine Guidance Sensor ( [7, 8] ) and WFC3 ( [9] ). But Gaia will soon resolve the d/p degeneracy for hundreds of Cepheids, thus removing the major systematics of the PoP technique. The outcome will be a robust calibration of the Cepheid distance scale, based on well-known Galactic and Magellanic Cloud pulsators. For this program, we developed an innovative version of the PoP technique, the Spectro-Photo-Interferometry of Pulsating Stars (SPIPS, Sect. 2) that simultaneous integrates multiple observables in a consistent model of the pulsation of the star. We present in Sect. 3 its application to the Cepheid RS Pup and the dependence of the p-factor on the pulsation period. We discuss in Sect. 4 the improvement that will come from Gaia's DR2 parallaxes in 2018.
The SPIPS algorithm
The general principle of the SPIPS algorithm [10] is to fit a parametric model of the star's pulsation simultaneously to the full set of observables: radial velocities from spectroscopy, photometry in all photometric bands and (when available) angular diameter measurements from optical interferometry. The SPIPS model of the star is built assuming that Cepheids are radially pulsating spheres, for which the pulsational velocity v puls (t) and the effective temperature T eff (t) are the basic descriptive parameters (Fig. 1) . The cyclic variation of these parameters is represented using classical Fourier series or periodic splines functions. The photometry in all filters is computed using ATLAS9 1 atmosphere models, considering the bandpass and zero points matching the observations (using the SVO 2 or Asiago 3 databases). The interstellar reddening is parametrized using the standard E(B− V) color excess for typical Milky Way dust (R V = 3.1) and computed for the phase-variable T eff of the Cepheid. Angular diameters including limb darkening (LD) are produced by the model to match the interferometric measurements, using SATLAS models ( [11] ). Finally, circumstellar envelopes are included in the modeling, considering both their photometric contributions in the infrared H and K bands and their influence on interferometric angular diameter measurements. Figure 2 . Color composite image of RS Pup and its nebula (from [19] ).
The projection factor of Cepheids
Recent applications of the SPIPS parametric modeling to bright Galactic Cepheids are presented in [10] (δ Cep, η Aql), [12] (nine Cepheids with HST/FGS parallaxes) and [13] (Type 2 Cepheid κ Pav).
A SPIPS model of the long-period Cepheid RS Pup (P = 41.5 days) has recently been presented by [14] . RS Pup is one of the intrinsically brightest Cepheids in the Galaxy, and it is particularly remarkable due to its large circumstellar nebula (Fig. 2) that reflects the light variations of the Cepheid [14] [15] [16] [17] [18] [19] . From a combination of photometry and polarimetry of the light echoes in the nebula, [19] obtained a distance of d = 1910 ± 80 pc (±4.2%), corresponding to a parallax π = 0.524 ± 0.022 mas. Knowing the distance of RS Pup opens the possibility to resolve the distance/p-factor degeneracy and determine the value of p. An overview of the SPIPS model of RS Pup is presented in Fig. 3 . It was computed using as constraints the photometric and radial velocity measurements available in the literature (e.g., from [20] ), completed with a series of VLTI/PIONIER angular diameter measurements ( [14] ). Interferometric angular diameters are not mandatory for the SPIPS model to converge. But as they are insensitive to reddening, they allow to efficiently constrain both the effective temperature T eff and the color excess E(B − V) of the star, that are otherwise correlated. The overall quality of the fit of the available observables is very good, with a best-fit p-factor of p = 1.25 ± 0.06 (±5%). The color excess E(B − V) is estimated to 0.496 ± 0.006 and a moderate infrared excess of 0.02 to 0.03 mag (±0.01) is found in the HK bands.
The addition of the p-factor of RS Pup to the limited set of existing p-factor measurements is particularly valuable, as the sample was up to now mostly limited to short and intermediate period Cepheids (Fig. 4) . The other exception is Car (P = 35.5 days), whose parallax was measured by [8] , and whose p-factor was derived by [12] and [21] 
Perspectives with Gaia parallaxes
The precision of the TGAS parallaxes of Galactic Cepheids released in the Gaia DR1 ( [24] ) is insufficient to constrain significantly their p-factors (see e.g., [25] ). The Gaia DR2 (currently expected in April 2018) will considerably improve the accuracy of Galactic Cepheid parallaxes. Based on the foreseen accuracy of Gaia, 400+ Cepheid parallaxes will be measured with an accuracy better than 3%, out of which approximately 100+ with an accuracy better than 1%. The ongoing observations of a sample of 18 long-period Cepheid using the spatial scanning mode of the HST/WFC3 by [9] will also provide a complementary set of parallaxes for these rare pulsators. The flexibility of the SPIPS modeling enables the integration of all types of new and archival observations in a consistent and robust approach, thus mitigating the influence of systematics of observational origin. Taking into account the contribution of Cepheid envelopes, that can be very significant at infrared wavelengths ( [26, 28] ), as well as the presence of stellar companions ( [27, 29] ) will also contribute to mitigate the astrophysical biases on the calibration of the Leavitt law. Figure 4 . Measured p-factors of Cepheids with better than 10% relative accuracy (figure from [14] ). The blue points use HST-FGS distances ( [7, 8] ), the orange points are the LMC eclipsing Cepheids ( [22, 23] ) and the red point is RS Pup. The solid line and orange shaded area represent the weighted average of the independent measurements (p = 1.29 ± 0.04).
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